Introduction
Numbers of gonorrhoea cases have increased, and the World Health Organization has estimated 106 million new cases in adults worldwide for 2008, which was 21% higher than numbers for 2005 [1] . At the same time, rising rates of antimicrobial resistance of its causative agent, Neisseria gonorrhoeae, have been reported in many parts of the world including Europe, even against the third-generation cephalosporins, cefixime and ceftriaxone [2, 3] . For this reason, cefixime alone is no longer recommended as single-drug treatment for gonorrhoea in Europe or the United States [4, 5] .
The European Gonococcal Antimicrobial Surveillance Programme (EURO-GASP) was established by 12 European countries in 2004 in response to the emerging antimicrobial resistance of N. gonorrhoeae, as part of the European Surveillance of Sexually Transmitted Infections Project [6] . In 2016, EURO-GASP has participation from laboratories from 21 European Union/ European Economic Area countries, which regularly report gonorrhoea susceptibility testing results and epidemiological surveillance data, and submit gonococcal isolates for centralised testing or participate in decentralised testing. Since 2009, EURO-GASP has been coordinated by the European Centre for Disease Prevention and Control (ECDC). Resistance data have been published regularly and in a timely manner [7, 8] , but the numbers of isolates tested per country are relatively low (between 10 and 251 in 2011 [8] ) and therefore most likely not representative of the epidemiological situation of the individual countries.
As cases of gonorrhoea or antimicrobial resistance patterns of N. gonorrhoeae isolates are not subject to reporting in Germany, data regarding current antimicrobial susceptibility and its development over time are scarce. Only three individual studies have addressed this issue in the past 10 years. Abraham [11] . None of these studies has reported cephalosporin-resistant N. gonorrhoeae isolates. Data from EURO-GASP, however, have provided evidence for the presence of cephalosporin-resistant N. gonorrhoeae isolates in Germany, too [7, 8] ; in fact, an Austrian patient with a cefiximeresistant N. gonorrhoeae isolate acquired his infection in Munich, south Germany [12] .
To gain more information on the antimicrobial susceptibility of N. gonorrhoeae in Germany and elucidate possible changes in antimicrobial resistance occurring over time, we analysed the susceptibility patterns of all N. gonorrhoeae isolates identified and tested in our laboratory between 2004 and 2015 (n = 434). Since age and sex have been identified as risk factors for harbouring antimicrobial-resistant N. gonorrhoeae isolates [13, 14] , we additionally analysed our data regarding these parameters. Unfortunately, the study design chosen did not provide information regarding other possible risk factors, e.g. working as professional sex worker or being a man who has sex with men (MSM).
Methods

Bacterial isolates
Between July 2004 and March 2015, 434 bacterial isolates were grown from swabs obtained from patients aged 16 years and over living in the greater Stuttgart area (a radius of around 50 km from Stuttgart city centre). Although difficult to estimate because N. gonorrhoeae is not mandatorily notifiable, the number of isolates tested may correspond to 30-70% of all isolates detected in that area within the period of time indicated. The samples were mainly submitted by private practitioners (primarily urologists, internists, dermatologists, and gynaecologists). For 284 (65.4%) patients, further samples (swabs or urine) had been submitted for the detection of Chlamydia trachomatis by PCR. Based on these laboratory results, 36 (12.7%) patients were co-infected with C. trachomatis while 248 (87.3%) were C. trachomatis-negative.
Gram-negative, oxidase-positive diplococci were identified biochemically as N. gonorrhoeae by using the API or the Vitek 2 system (both bioMerieux, Marcy-l Etoile, France). Isolates were subjected immediately to antimicrobial susceptibility testing and subsequently stored at -70 °C for future analyses.
Susceptibility testing
Briefly, bacterial inoculums were prepared in sterile saline at 0.5 McFarland standard and tested against the antibiotics indicated by using the Etest system (AB Biodisk, Solna, Sweden) on Mueller-Hinton chocolate agar, except for testing of azithromycin, for which a chocolate GC II agar with IsoVitaleX was used (both, BD Diagnostic Systems, Heidelberg, Germany) [11] . Plates were incubated at 35-36.5 °C and 5% CO2 for 20-24 hours. Betalactamase production was assessed by using nitrocefin disks (BD Diagnostic Systems). The ATCC N. gonorrhoeae strain 49226 was used as an internal control. Susceptibility was interpreted according to the European Committee on Antimicrobial Susceptibility Testing (EUCAST) and Clinical and Laboratory Standards Institute (CLSI) breakpoints [15, 16] .
Statistical analyses
Data were statistically analysed by using GraphPad Prism version 6.0a for Mac OS X. Data on antibiotic resistance, patients' sex, or specialisation of referring practitioners were analysed using the two-tailed Fisher's exact test. Data regarding age were analysed using the Mann-Whitney U-test. To elucidate potential changes in the antibiotic susceptibility in N. gonorhoeae isolates over time, data also were analysed for two 
Results
Resistance patterns
The Analysis of the individual MICs of the seven antibiotics tested revealed some minor changes for most antibiotics ( Figure 2 ). In contrast, proportions of isolates with MICs of 0.5 or 1 mg/L to tetracycline decreased considerably while those of isolates with MICs of 2, 4 or ≥32 mg/L increased ( Figure 2F ). Likewise, the increase in isolates with MICs > 0.5 mg/L to azithromycin became evident but the proportions of isolates with MICs of 0.125 and 0.25 mg/L were rather higher in the second period than before ( Figure 2D ). The unique pattern of ciprofloxacin revealed two groups of isolates, i.e. one expressing very low MICs and the other one with MICs ≥ 0.5 mg/L while there were almost no isolates with MICs at the level of the EUCAST breakpoint concentration, 0.06 mg/L, or slightly higher or lower ( Figure 2E ). Notably, there was a stable pattern for both cefixime and ceftriaxone, excluding also potential shifts of MICs at lower concentrations ( Figure 2B and C), which might go undetected when only the breakpoints are considered.
Discussion
Although we were unable to detect cephalosporinresistant N. gonorrhoeae isolates within the study period, cefixime resistance has been reported for many European countries including Germany [8] . Thus, our data, although in line with two recently published German studies [9, 10] , cannot be considered representative for the situation in Germany, but they indicate that the true overall cefixime resistance rate in Germany may be considerably lower than the 10.2% reported for 2011 by EURO-GASP [8] . In fact, all laboratory results may strongly depend on the area where the samples were collected and the numbers of patients included from high-risk groups. Our key finding in this context, however, is the absence of an increase in MICs to cephalosporins from the period 2004-2009 to the period 2010-2015 (Figure 1) . Thus, a possible rise in cephalosporin-resistance in the future may not be the result of previous and current (mis-)usage of cefixime in the local population, but rather due to the introduction of new resistant strains into that population.
The EUCAST breakpoint of cefixime may be too high, as N. gonorrhoeae isolates with this or lower MICs have been described as the cause of infections that did not resolve under cefixime standard therapy [8] . Considering a breakpoint of 0.06 mg/L, seven isolates (1.6%) tested by us with a MIC of 0.125 mg/L were resistant to cefixime.
We detected azithromycin resistance in 5.5% of the isolates and none of the isolates expressed highlevel resistance; both findings correspond to the data recently published by Horn et al. [10] . In contrast, an azithromycin resistance rate of 0.9% has been reported for Germany by EURO-GASP [8] . Notably, we observed a strong trend towards more isolates with MICs > 0. [17] from where it appears to have spread to England and Wales [18] . Only single high-level resistant isolates have been shown for other European countries, including Italy [19] , Sweden [20] , France [21] and Ireland [22] . To prevent further increasing resistance to this valuable drug, azithromycin usage should be limited to patients who need to be treated with this drug, i.e. patients with allergy to cephalosporins or patients with simultaneous chlamydial infection (in which case azithromycin should be given together with cephalosporins) and those for whom no drug susceptibility testing of the causative agents can be performed. The highest resistance rate was observed for ciprofloxacin (70.3%). This is in accordance with the data published by Horn et al. [10] while resistance rates of around 50% have been reported by others for Germany [8, 9] . Resistance rates for ciprofloxacin are also high in most other European countries [8] , and this might be a sign of a still high fluoroquinolone usage by practitioners for the empirical treatment of gonorrhoeae, as ciprofloxacin resistance of N. gonorrhoeae has been shown to decline after cessation of ciprofloxacin usage [23] . It remains unclear at the moment, however, whether the observed increase and decrease of ciprofloxacin resistance correlates with changes in ciprofloxacin usage within the study period. In contrast to the other antimicrobials tested, MICs to ciprofloxacin showed a bimodal distribution similar to what has been shown for N. gonorrhoeae isolates from Japan [24] .
Tetracycline resistance also was high (as previously observed by others [10] [26, 27] , and thus may correspond to the trend reported for syphilis in Germany [28] . A reintroduction of the previous obligation to report all cases of gonorrhoea in Germany, currently under discussion, may answer this question in the future. An increasing gonorrhoea incidence, however, also might at least partially result from the previously discussed ciprofloxacin usage for empirical treatment of the infection in the presence of high resistance rates to this drug [29] .
We did not detect spectinomycin resistance. This might be due to its long-lasting non-usage, since its usage leads to increasing resistance rates [30] . Thus, this drug could potentially be used for the empirical treatment of gonorrhoea. Known limitations, however, are its unavailability in many European countries including Germany and its reduced effectiveness in the treatment of pharyngeal gonorrhoea [31] .
In contrast to previous publications [13, 14] , we did not observe age-related differences in susceptibility rates, and isolates from female patients showed higher resistance rates than those from male patients. This might be due to differences in study populations. One limitation of our study in this context is the fact that we do not have information regarding patients who may belong to high-risk populations. For instance, it has been shown that N. gonorrhoeae isolates from MSM are more resistant to antimicrobials than those collected from men who have sex with women [32, 33] . Likewise, infected commercial sex workers are more likely to harbour resistant N. gonorrhoeae isolates than other patients [32, 34] . In contrast, a recent EURO-GASP study has demonstrated decreasing cefixime MICs for N. gonorrhoeae of MSM for the period 2009-2011, and highest MICs for isolates from men who have sex with women [13] . Furthermore, around 75% of the bacterial isolates analysed in the present study were collected from men; thus, our data may be more valid for male than for female patients.
In conclusion, the current resistance situation of N. gonorrhoeae isolates in south-west Germany may be less dramatic than in other parts of Germany or other European countries. High resistance rates to some antimicrobials and changes of susceptibility over time, however, call for a more stringent monitoring system, e.g. the obligation of every laboratory to report all N. gonorrhoeae isolates together with their susceptibility testing results.
